Background: Millions of postmenopausal women use multivitamins, often believing that supplements prevent chronic diseases such as cancer and cardiovascular disease (CVD). Therefore, we decided to examine associations between multivitamin use and risk of cancer, CVD, and mortality in postmenopausal women.
Conclusion:
After a median follow-up of 8.0 and 7.9 years in the clinical trial and observational study cohorts, respectively, the Women's Health Initiative study provided convincing evidence that multivitamin use has little or no influence on the risk of common cancers, CVD, or total mortality in postmenopausal women.
Trial Registration: clinicaltrials.gov Identifier: NCT00000611 Arch Intern Med. 2009; 169(3) : [294] [295] [296] [297] [298] [299] [300] [301] [302] [303] [304] T HE USE OF MULTIVITAMINS IS a common health practice in the United States. 1 Despite the availability of a diverse and relatively affordable food supply, 50% of Americans routinely use dietary supplements, annually spending more than $20 billion on these products. 2 The motivations for supplement use vary, but common reasons include the belief that these preparations will prevent chronic diseases, such as cancer and cardiovascular disease (CVD). 3, 4 These views are often fueled by product health claims, consumer testimonials, and an industry that is largely unregulated owing to the 1994 Dietary Supplement and Health Education Act. 5, 6 Despite the widespread use of supplements and the strong consumer beliefs about benefits, convincing scientific data to support efficacy are lacking. [7] [8] [9] With the exception of recommending a folic acidcontaining supplement to women of childbearing potential 10, 11 and advising avoidance the use of high-dose beta carotene supplements by smokers, 12 current data are insufficient to formulate public health recommendations for dietary supplement use for otherwise healthy persons. 2 The hypothesis that taking multivitamins might lower the risk of CVD and cancer derives from published evidence supporting a role for specific micronutrients in disease prevention. Data are consistent in stating that diets high in fruits and vegetables are associated with a lower risk of CVD and cancer. Moreover, low serum concentrations of B vitamins, carotenoids, and tocopherols have been associated with an Author Affiliations are listed at the end of this article.
increased risk of colorectal cancer and CVD. [13] [14] [15] [16] [17] [18] [19] [20] Because these vitamins, minerals, and other small-molecule compounds can be effectively packaged into pill form, supplement use could ensure adequate micronutrient intake or correct low circulating concentrations, especially among persons with poor diets. 21 Multivitamins are a potential vehicle, as they contain the micronutrients identified as essential by the Institute of Medicine. 22, 23 Multivitamins are the most frequently used dietary supplement. However, of the numerous observational studies that have examined associations between supplement use and disease risk, few have explicitly investigated the use of multivitamins. Limited evidence from case-control and cohort studies suggests that multivitamin use is associated with a reduced risk of colon and bladder cancers but with an increased risk of non-Hodgkin lymphoma. 24 Other observational studies have reported no associations of multivitamin use with colorectal, gastric, or lung cancers. One study of more than 1 million Americans reported no association of multivitamin use with total mortality, coronary heart disease mortality, or cancer mortality. 25 One study reported no risk reduction for CVD or mortality among a cohort of men who used multivitamins compared with those who did not use multivitamins. 26 A prospective study of 37 920 women reported no association of multivitamin use with risk of breast cancer. 27 In this study, we examined the associations between multivitamin use in the Women's Health Initiative (WHI) clinical trial (CT) and observational study (OS) cohorts and the risk of site-specific solid tumors (invasive breast, renal, endometrial, ovarian, bladder, and stomach cancers) 2 ; CVD; and total mortality. 3 
METHODS

OVERVIEW OF THE WHI
The WHI is a study of postmenopausal women's health and risk factors for cancer, heart disease, and skeletal health. 28 It was designed as a set of randomized controlled CTs and an OS. Women were eligible for participation if they were 50 to 79 years of age at screening, postmenopausal, and likely to live in close geographic proximity to 1 of 40 WHI clinical centers for at least 3 years. Women were excluded for medical conditions with a predicted survival of 3 years of less, for conditions limiting adherence or retention (eg, alcohol or drug dependency and dementia), or for active participation in any other intervention trial in which participants were individually randomized to a control or intervention group. 28 The CTs(N=68 132)included3overlappingcomponents:thehormone therapytrials(N=27 347),thedietarymodificationtrial(N=48 835), and the calcium and vitamin D trial (N=36 282). Eligible women could be randomized into 1, 2, or all 3 of the CTs. Trial arm assignment was randomly designated (1:1 for the hormone therapy and calcium and vitamin D trials; 40% were assigned to low-fat intervention and 60% to usual diet for the dietary modification trial). 28 Women who were ineligible or unwilling to join the CTs were invited to join the OS, as were those who were specifically recruited for the OS (N=93 676). The CT women attended baseline and annual clinic visits. The OS women attended baseline and 3-year clinic visits and completed all other annual study activities by mail (eg, medical history and lifestyle-exposure updates). The women were followed up for a median of 8.0 years in the CTs and 7.9 years in the OS. All WHI participants provided written informed consent, and institutional review board approval was obtained at each of the 40 WHI clinical centers and at the Clinical Coordinating Center at the Fred Hutchinson Cancer Research Center, Seattle, Washington. This report is based on data from 161 808 women in both the OS and the CTs; 2 women were excluded because of incomplete dietary supplement information.
ASSESSMENT OF DIETARY SUPPLEMENT USE
Dietary supplement data were collected during in-person clinic visits. Women brought supplement bottles to the baseline clinic visit and to annual visits thereafter in the CTs and to the baseline and3-yearvisitsintheOS.Astandardizedinterviewer-administered 4-page form was used to collect information on multivitamins, other mixtures, and single supplements. For the multivitamins, separate sections were provided on the form to designate multivitamins, multivitamins with minerals, or stress supplements. Staff members directly transcribed the ingredients for each supplement. They also asked participants about frequency (pills per week) and duration (months and years) of use for each supplement. 29, 30 Only supplements used at least once a week were recorded, but there was no limit on the total number of supplements allowed. A validity study of these procedures demonstrated that correlations of interviewer-transcribed doses with data from photocopied labels ranged from 0.8 to 1.0. 29, 30 Multivitamins were grouped into 3 classifications based on ingredients: (1) multivitamins (alone) were preparations with 10 or more vitamins and no minerals in which the nutrient levels were at least 100% of US Recommended Dietary Allowance (RDA); (2) multivitamins with minerals were preparations with 20 to 30 vitamins and minerals and nutrient levels of 100% or less of US RDA; and (3) stress multisupplements were preparations with higher doses (often Ͼ200% of US RDA) of several B vitamins and often including large doses of vitamin C or selected minerals, such as selenium or zinc. Supplement mixtures with fewer than 10 components, such as B complex or antioxidant mixtures, were not considered multivitamins.
ASCERTAINMENT OF OUTCOMES
Clinical outcomes of interest in the WHI included CVD (coronary heart disease, stroke, congestive heart failure, angina, peripheral vascular disease, carotid artery disease, and coronary revascularization), cancer (breast, colorectal, endometrial, ovarian, and other cancers), osteoporotic fractures (hip and other), and other conditions (diabetes, deep vein thrombosis, pulmonary embolism, and total mortality). Outcomes were initially ascertained by self-report using a semiannual (in the CTs) or annual (in the OS) questionnaire and documented by medical records. Charts with potential cardiovascular, cancer, fracture, and death outcomes were sent to local WHI-physician adjudicators for evaluation and classification. Locally adjudicated cases (all cancers) were then sent to the Coordinating Center for central adjudication of selected outcomes. 31 Five major cancers (of the breast, colon, rectum, endometrium, and ovary) were centrally coded by trained tumor registry coders using standardized SEER (Surveillance, Epidemiology, and End Results) guidelines. This report includes end points reported and adjudicated through the end of the WHI closeout period of March 2005. We included 8 solid tumor cancers (invasive breast, colorectal, endometrial, stomach, ovarian, renal, lung, and bladder) and 3 CVD end points (myocardial infarction [MI] , stroke, and venous thromboembolism [CTs only]).
OTHER DATA
Standard procedures used across the CTs and the OS were used to collect data on age, race/ethnicity, reproductive/gynecological history, education, physical activity, medical history, fam-ily or personal history of cancer or coronary heart disease, diabetes mellitus, current health status, and tobacco and alcohol use. The clinic staff members measured blood pressure, height, and weight using standardized protocols.
STATISTICAL ANALYSES
Descriptive statistics characterized the study population. Cox proportional hazards models estimated hazard ratios (HRs) and 95% confidence intervals (CIs) for any use of multivitamins as well as the categories of multivitamins, multivitamins with minerals, and stress multivitamins for each of the disease outcomes. The time metric for these models was based on the time of randomization in the CTs and time of enrollment in the OS. 32, 33 For a particular event, time accrued while the participants were still at risk for an event until the date of diagnosis of cancer or CVD, until death from any cause, until they were unavailable for follow-up, or until March 31, 2005 . Proportional hazards assumptions were assessed by a 1-df test of the interaction between log-survival time and multivitamin use; evidence of nonproportionality did not exist. Hazard ratios were adjusted for baseline characteristics: age; race/ethnicity; years since menopause (Ͻ5, 5-10, 10-15, and Ͼ15 years); body mass index; education; alcohol use; smoking; general health; history of bilateral oophorectomy; geographic region; physical activity; duration of prior postmenopausal estrogen therapy use (0, Ͻ5, 5-10, 10-15, and Ͼ15 years); duration of prior postmenopausal estrogen plus progesterone use (0, Ͻ5, 5-10, 10-15, and Ͼ15 years); fruit and vegetable intake; percentage of energy from fat; single supplements of vitamin C, E, or calcium and any other single supplement use and stratified according to age (5-year groups), hormone therapy trial randomization assignment or study enrollment (active conjugated equine estrogen [CEE] plus medroxyprogesterone acetate, placebo CEE and medroxyprogesterone acetate, active CEE, placebo CEE, or not randomized), dietary modification trial randomization (intervention, control, or not randomized), or OS enrollment. 32, 33 Specific to cancer analyses, a family history of cancer was an additional covariate; women were excluded if they had a history of the particular cancer. For breast cancer analyses, women without a mammogram within 2 years of baseline were excluded. Specific to CVD analysis, treated diabetes, treated hyperlipid- Additional analyses tested persistent use of multivitamins (ie, use at baseline and follow-up) in relation to risk of cancer or CVD. The likelihood ratio test estimated multiplicative interaction between baseline characteristics (age, smoking, alcohol use, body mass index, and fruit and vegetable consumption) and multivitamin use in relation to the disease outcomes.
All statistical tests were 2-sided, with a P value of less than .05 considered statistically significant. Analyses were conducted with SAS, version 9.1 (SAS Institute Inc, Cary, North Carolina). Table 1 presents demographic, health, and lifestyle data according to use of multivitamin supplements in the WHI. Of the 161 806 WHI participants with completed dietary supplement data collection forms, 41.5% reported multivitamin use. The most common category was multivitamins with minerals (35.0%), with fewer participants taking multivitamins (alone) (3.5%) or stress multivitamins (2.3%). Women who used any multivitamins were more likely also to use single supplements of vitamin E, vitamin C, or calcium than women who did not use multivitamins (PϽ.001). Compared with women who did not use multivitamins, multivitamin users were more likely to be white, living in the western United States, have a lower body mass index, be more physically active, and have a college degree or higher (all PϽ .001). Women who used multivitamins were more likely to consume alcohol and less likely to smoke than nonusers. Multivitamin users reported slightly higher fruit and vegetable consumption and a lower percentage of energy from fat than nonusers at baseline. There was no evidence that multivitamin use either increased or decreased the risk of cancer ( Table 2) . Overall, there was no association of any multivitamin use with the risk of cancers of the breast, colon/rectum, endometrium, ovary, kidney, bladder, stomach, or lung. When we examined risk according to the 3 classes of multivitamins, there was also no apparent association, and the null value of 1.0 was included in the 95% CIs of all multivariate-adjusted HR estimates. We observed a modest inverse association between use of stress-type multivitamins and stomach and kidney cancer and an inverse association of multivitamins without minerals and stomach cancer, but the numbers of cases were far too small to provide stable or meaningful HR estimates.
RESULTS
Next, we examined the association of multivitamin use with risk of CVD (MI, stroke, and venous thromboembolism) ( Table 3 ). The annualized percentages of CVD events were nonsignificantly lower among women taking multivitamins than among those not taking multivitamins, and the overall HRs ranged from 0.96 (95% CI, 0.89-1.03) to 1.05 (95% CI, 0.85-1.29). Stress multivitamins were the only supplements for which a cardiovascular protective association was suggested; the adjusted HR was 0.75 (95% CI, 0.56-0.99) for MI.
To investigate variation in risk by total duration of use, we categorized duration into 4 groups: (1) less than 1 year, (2) 1 through 5 years, (3) 6 through 10 years, and (4) more than 10 years. Of the 1928 women with invasive breast cancer who used multivitamins, 685 (35.5%) reported multivitamin use for at least 10 years ( Table 4) . While the annualized percentage of breast cancer events was slightly higher among those with at least 10 years of use (0.50) compared with nonusers of multivitamins (0.44), the adjusted HR was 1.03 (95% CI, 0.94-1.14). Five to 10 years and more than 10 years of multivitamin use were associated with small but statistically nonsignificant increased risks for endometrial cancer (HR, 1.19, and 95% CI, 0.91-1.56; and HR, 1.09, and 95% CI, 0.89-1.35, respectively), kidney cancer (HR, 1.32, and 95% CI, 0.82-2.13 for 5-10 years of use), and stomach cancer (HR, 1.36, and 95% CI, 0.73-2.56 for Ͼ10 years of use). b Includes fatal and nonfatal MI. In addition to the adjustments listed in footnote a, the models were adjusted for a family history of MI and a personal history of MI. c Includes fatal and nonfatal stroke. In addition to the adjustments listed in footnote a, the models were adjusted for a family history of stroke and a personal history of stroke.
d Clinical trials only: includes venous thromboembolism and pulmonary embolism; the outcomes were not adjudicated for the OS. In addition to the adjustments listed in footnote a, the models were adjusted for a history of venous thromboembolism and a history of pulmonary embolism.
e Annualized percentage of cases. Duration of multivitamin use had no apparent association with CVD risk. There was a slightly higher annualized percentage of MI cases among multivitamin nonusers than among users. However, the adjusted HRs for nearly all outcomes in Table 5 were close to 1.0, and all 95% CIs contained the null value of 1.0. There was no association of duration of multivitamin use with total mortality.
As with overall multivitamin use ( Table 2) , there was no association of persistent multivitamin use with risk of cancer or CVD. We see that the influence of persistent multivitamin compared with any multivitamin use in relation to any of the cancer or CVD outcomes is approximately equal ( Table 6) .
The associations of multivitamin use with cancer and CVD risk were weakly modified by demographic, health, and lifestyle characteristics. Analyses by age suggested that older multivitamin users (Ն70 years at baseline) had a reduced risk of endometrial cancer (HR, 0.73, and 95% CI, 0.55-0.97; interaction P, Ͻ.01), and multivitamin users who were obese had a reduced risk of invasive breast cancer (HR, 0.84, and 95% CI, 0.74-0.95; interaction P, Ͻ.01). However, younger women using multivitamins were at a slightly higher risk of death (HR, 1.07, and 95% CI, 1.01-1.14; interaction P, Ͻ.05). Multivitamin users who were current smokers or consumers of more than 1 alcoholic drink per day had nonsignificant increased risks of mortality and MI, respectively (interaction P, Ͻ.05). There was a nonsignificant increased risk of MI and ovarian cancer among women who used multivitamins (interaction P, .04 and .05, respectively). Fruit and vegetable intake did not modify the associations of multivitamin use with disease outcomes (data not shown).
COMMENT
In this large cohort of postmenopausal women, we observed no overall associations between multivitamin use and risk of several common cancers or CVD. There were also no associations between multivitamin use and total mortality. Risk estimates did not materially change when stratified by class of multivitamins, with the exception of a possible lower risk of MI among users of stress-type supplements. Many stress supplements include high doses of folic acid and other B vitamins; previous studies have supported a protective role for folic acid in relation to CVD and its antecedent risk a Persistent-use models had the same multivariable adjustment as the corresponding multivitamin-use model (see Table 2 for details).
b Persistent users are defined as participants who were using any multivitamins at baseline and at their first collection of any multivitamin information during follow-up (year 1 for the CTs and year 3 for the OS). b Includes fatal and nonfatal MI. In addition to the adjustments listed in footnote a, the models were adjusted for a family history of MI and a personal history of MI. c Includes fatal and nonfatal stroke. In addition to the adjustments listed in footnote a, the models were adjusted for a family history of stroke and a personal history of stroke.
e Annualized percentage of cases.
factors. 26, [34] [35] [36] Alternatively, many statistical tests were conducted as part of this investigation, and it is quite possible that this observation for lower MI risk occurred by chance. For long-term use of multivitamins, there was suggestive evidence for an increased risk of endometrial, stomach, and kidney cancer but a decreased risk of bladder cancer; however, the variation in risk was not dose dependent. Long-term multivitamin use had no association with any CVD event or total mortality. These results suggest that multivitamin use does not confer meaningful benefit or harm in relation to cancer or CVD risk in postmenopausal women.
Our findings are consistent with most previously published results. The Cancer Prevention II Cohort reported no association of baseline multivitamin use with colorectal cancer, but long-term use (Ͼ10 years) was associated with significantly reduced risk (relative risk, 0.71, and 95% CI, 0.57-0.89). 37, 38 This same cohort reported no association of multivitamin use with stomach cancer or fatal non-Hodgkin lymphoma. 24, 39 A pooled analysis of 8 cohort studies from North America and Europe found no overall association of multivitamin use with lung cancer risk but a relative risk of 1.17 (95% CI, 1.04-1.32) when only women were considered. 40 In the Nurses' Health Study, multivitamin use was associated with lower colon cancer incidence but only when such use lasted for 15 years or more. 15 The Nurses' Health Study also reported a weak, nonsignificant protective association for breast cancer with 5 to 9 years of multivitamin use 41 but an increased risk for fatal non-Hodgkin lymphoma with long-term (Ͼ10 years) use. 24 The Women's Health Study was a randomized, placebo-controlled trial of vitamin E and aspirin in 39 876 female health professionals. 42 Since the end of the trial in 2004, participants have been followed up as a cohort. 42 The investigators recently reported no association of baseline multivitamin use with subsequent breast cancer risk after an average follow-up of 10 years, nor association by duration of use, but they did report a modest suggestion of effect modification of breast cancer risk by alcohol intake. 27 Fewer cohorts have published data on the association with CVD risk. The Nurses' Health Study reported an inverse association between multivitamin use and risk of MI or any coronary heart disease death, but the analysis was focused on the use of B vitamins, including folic acid. 36 Results from other cohorts with CVD outcomes have not demonstrated any appreciable association of these events with multivitamin use. 25 The National Institutes of Health's Office of Dietary Supplements and Office of Medical Applications sponsored a 2006 conference to evaluate the evidence for multivitamin efficacy in relation to chronic disease prevention. An executive summary concluded that there was insufficient evidence to either promote or discourage the use of multivitamins for chronic disease prevention. 2 This declaration is similar to a 2003 report from the US Preventive Services Task Force stating that data were insufficient to either support or oppose the use of dietary supplements, including multivitamins, for the prevention of CVD and cancer. 43 The American Heart Association's Nutrition Committee recommends against the use of antioxidant supplements for CVD prevention, but their statement refers to single supplements or mixtures of 5 or fewer ingredients. No specific statement about standard multivitamins has been issued. 44, 45 The American Cancer Society's "Guidelines on Nutrition and Physical Activity for Cancer Prevention" do not recommend dietary supplements for cancer prevention; they only suggest that subgroups, such as pregnant women, may benefit from taking multivitamins. 46 The World Cancer Research Fund's report on nutrition and cancer prevention made no evaluation about the use of multivitamins. 47 In contrast, a report by Fletcher and Fairfield 48 advised all adults to take a daily multivitamin because of concerns about diet quality in Americans. An important question is, "Why do millions of Americans use a daily multivitamin for chronic disease prevention when the supporting scientific data are weak?" One reason may be the varied health messages received by the public. The position statements from the scientific and medical community that multivitamins are not effective for disease prevention are juxtaposed with messages to "use a multivitamin if dietary intake is inadequate." 48 These conflicting messages leave the public confused, especially because multivitamins are often regarded as safe, over-the-counter preparations. 49 However, while many multivitamins contain less than 100% of the RDA (or adequate intake)) for particular nutrients, consumers will still exceed the tolerable upper intake level if they use more than 1 supplement, eat fortified foods, or use multivitamins exceeding 100% of the RDA. 50, 51 The risks associated with exceeding the upper intake level are just beginning to be understood. 51, 52 The "gold standard" approach to resolving whether a heath practice offers benefit or harm to the public is through the conduct of a well-designed randomized controlled trial. Few large-scale randomized controlled trials have been conducted to test the efficacy of multivitamins. The Linxian, China, intervention and the SUVIMAX study in France tested high-dose, limited-ingredient antioxidant vitamins. 21, 53 The Physicians' Health Study II is a randomized, double-blind, placebo-controlled trial testing whether a standard multivitamin (Centrum Silver) will reduce the incidence of cancer, CVD, eye disease, or cognitive decline among US male physicians aged 50 years and older. 54 Trial results are expected in 2012, but because the study is limited to male physicians, many questions will remain about the efficacy of multivitamin use in women. The remaining US-based supplement trials have involved either single agents or a mixture of 2 to 3 ingredients, also in high doses, that would not typically be classified as standard multivitamins. [54] [55] [56] [57] While randomized controlled trials are a considerable investment of resources, they are the only study design for which causal inference can be established. The scientific community might consider whether a randomized controlled trial of multivitamins in women could definitively resolve whether benefit or harm ensues from the routine use of multivitamins.
This study has several strengths. The WHI is one of the largest studies of postmenopausal women's health. Detailed data were collected on numerous exposures using standardized protocols. The reliability of many of these measures has been assessed, including those used as co-variates in these analyses. 58 Second, WHI procedures to assess dietary supplement use collected more data than other concurrent cohorts; the WHI captured detailed data on dose, frequency, and duration of supplements. The direct transcription of information from the participants' supplement bottles did not rely on participants' recall, thereby minimizing misclassification of exposure. Finally, WHI outcomes were physician adjudicated, minimizing misclassification that might result from self-report alone.
There are also limitations. Despite the state-of-theart methods used in WHI, dietary supplement use is difficult to assess. Manufacturers frequently change formulations, and label ingredient information may not reflect content. 8, 51 Moreover, persons who use supplements frequently engage in other preventive health behaviors, and disentangling highly correlated exposures is difficult. 59 In this study, we controlled for other health behaviors; however, it is not possible in observational studies to ensure that there is no residual confounding. For example, there may be residual confounding from risk factors that were not assessed in the WHI, such as workplace or environmental exposures. Furthermore, the WHI may be underpowered for rare cancers with few cases. Moreover, the follow-up time may not have been sufficient for cancers that take many years to develop. Finally, the WHI only included postmenopausal women; the results may not be generalizable to other populations.
In conclusion, the WHI CT and OS cohorts provide convincing evidence that multivitamin use has little or no influence on the risk of cancer or CVD in postmenopausal women. Nutritional efforts should remain a principal focus of chronic disease prevention, but without definitive results from a randomized controlled trial, multivitamin supplements will not likely play a major role in such prevention efforts. 
